Objectives-Antiretroviral (ARV) therapy has prolonged the life expectancy of HIV-infected persons, increasing their risk of age-associated diseases including atherosclerosis (AS). Decreased risk of AS has been associated with the prevention and control of hypertension (HTN). We conducted a cohort study of perimenopausal women and older men with or at-risk of HIV infection to identify risk factors for incident HTN.
Introduction
Persons with HIV infection who have access to and are adherent with highly active antiretroviral therapy (ARV) are living longer. (1, 2) Because ARVs have prevented mortality from HIV-defining infections and cancers (3, 4) , persons with HIV are now developing diseases associated with older age. Persons with HIV are now at risk of diseases caused by atherosclerosis including myocardial infarction and stroke. (5, 6) HIV infection is postulated to promote atherogenesis due to HIV-related chronic inflammation, even in those with suppressed viral load. (7) Some ARV agents appear to promote atherogenesis, in part due to effects on lipid metabolism. (8) (9) (10) (11) (12) Given the clear benefits of effective treatment for HIV infection, prevention of atherosclerotic disease must focus on modifiable risk factors by encouraging smoking cessation, weight control, physical activity, management of lipid abnormalities, and prevention and control of hypertension (HTN).
The risk of HTN in HIV-infected persons is not well understood due to a limited number of studies with conflicting results and design limitations. The prevalence of HTN in HIVuninfected persons and HIV-infected, ARV-naïve persons has been compared in several cross-sectional studies. Of these, two found no difference in prevalent HTN (13, 14) and one found a negative association between HIV infection and prevalent systolic HTN. (15) The prevalence of HTN in ARV-naïve and ARV-experienced HIV-infected persons has also been compared in cross-sectional studies. Of these, one study found no difference in prevalent HTN (14) and two found a positive association between self-reported duration of ARV use and prevalent HTN. (13, 15) Defining the epidemiology of HTN in HIV-infected persons is important for optimizing cardiovascular disease prevention strategies in this high risk population. Therefore, to better define the incidence of and risk factors for incident HTN in persons with HIV infection, we conducted a cohort study of perimenopausal women and older men with or at-risk of HIV infection.
Methods
Eligible persons for this study were participants in the MS cohort study or the CHAMPS cohort study. The MS cohort has been described in detail elsewhere. (16) Briefly, the cohort included perimenopausal women with or at risk of HIV infection, recruited in the Bronx, NY from September 2001 and followed through July 2006. "Perimenopausal" was defined as the absence of menses for at least three cycles, but no more than 11 during the past 12 months, and "at-risk of HIV infection" was defined as a history of unprotected sex with a homosexual or bisexual male, an injection drug user (IDU) male, or a male with HIV infection. Post-menopausal women were not included in this analysis. New-onset natural menopause was defined as the first visit following cessation of menses for at least 12 months that was not due to surgery, and new-onset surgical menopause was defined as cessation of menses due to hysterectomy and/or bilateral oophorectomy.
Bronx, NY, from September 2001 and followed through July 2006. "At risk for HIV infection" was defined as a history of a) IDU, b) unprotected sex with a male, c) unprotected sex with a female known by the participant to have HIV infection, a history of IDU, or a history of unprotected sex with a homosexual or bisexual male with a history of IDU, d) five or more sexual partners in the last five years, or e) having exchanged sex for money or drugs.
Potential participants from both studies were screened after informed consent was obtained. Those who were eligible completed a baseline visit which included a standardized interview, physical examination, and blood draw. The standardized baseline interview included demographic information, medical history (with special emphasis on HIV-specific history, drug use history, and risk factors for cardiovascular disease, osteoporosis and fracture, and diabetes mellitus), medication history (including hormones, vitamins, HIV medications, methadone and medications for pain, HTN, diabetes mellitus, etc.), family medical history, sexual behavior, food intake, and physical activity. With the exception of some genderspecific modules (e.g. a menstrual calendar and questions about male-sex-with men), the standardized interview instruments, physical exams, and laboratory assays were identical in the two studies, performed by the same trained research personnel and completed in the same laboratories. The baseline physical exam included measurements of height, weight, waist circumference, and blood pressure. Blood was drawn to assess HIV status, HIV viral load, CD4+ T-cell count, CD4+ T-cell percentage, and hormone levels (testosterone for men; progesterone and estrogen for women). Participants were defined as having an "undetectable HIV viral load" when there were ≤ 75 copies/mL of HIV RNA. Participants were then scheduled for follow-up visits every 6 months. The follow-up visits included a comparable standardized interview, physical examination, and laboratory assays.
For the current analyses, perimenopausal women from the MS cohort and men from the CHAMPS cohort who were free of HTN at baseline were included. High blood pressure (HBP) was defined as systolic blood pressure > 140 or diastolic blood pressure > 90. HTN was defined was defined as 1) a history of HTN and HBP on examination, 2) history of HTN and current use of anti-hypertensive medications, or 3) two consecutive visits with measured HBP. For the third definition, the date of onset of HTN was considered to be at the first of those two visits.
The known risk factors for incident HTN that were included in the interview and defined as "traditional risk factors for HTN" in this study were age, black race, body mass index (BMI), pack-years of cigarette smoking, diabetes, family history of HTN, alcohol dependence, physical activity, and high cholesterol. To determine alcohol dependence, the "CAGE Questionnaire," a brief screening test was administered to all participants. (18) Because answering "Yes" to two or more of the four questions is sensitive and specific for alcohol dependence across many different populations, (19) alcohol dependence was defined as a CAGE score ≥ 2. "Physically active" was defined as moderate or strenuous exercise for ≥ 20 minutes on > 1 day per week.
For this study, ARV-naïve is defined as persons who do not report any current or previous use of ARV's. ARV-experienced is defined as persons who report current and/or previous use of ARV's. The impact of ARV's on incident HTN is not known. Additionally, any impact of ARV's on incident HTN may occur during use and/or after use. The comparison groups were chosen with the assumption that the impact of ARV's on incident HTN endures after use. This is based on current theories about atherogenic disease in which a single irreversible insult to an arterial vessel initiates a disease process.
Statistical Analysis
Gender differences in demographic characteristics, risks factors for atherosclerotic disease, medical history, drug use history, and HIV-related history were examined using t-tests or Wilcoxon rank-sum tests for continuous variables, and chi-squared tests or Fisher's exact tests for categorical variables. Women and men were then analyzed separately to adjust for possible confounding and/or effect modification by gender.
Gender-specific HTN-free survival curves for persons: 1) HIV-uninfected, 2) HIV-infected, ARV-naive, and 3) HIV-infected, ARV-experienced were estimated using the Kaplan-Meier method and compared using log-rank tests.
Further analyses were designed to limit possible confounding and/or effect modification between HIV infection and ARV use. Participants with no history of ARV use, including HIV-infected and HIV-uninfected, were evaluated as a group to determine if HIV infection was associated with incident HTN. Participants with HIV infection, including ARV-naïve and ARV-experienced, were evaluated as a group to determine if ARV use was associated with incident HTN.
Among persons with no exposure to ARVs, Cox proportional hazards models were used to assess associations between the outcome variable, incident HTN, and possible risk factors for HTN. Risk factors examined included HIV infection, demographic characteristics (age, race, insurance status), co-morbid conditions (hyperthyroidism, angina, peripheral vascular disease, history of myocardial infarction, liver disease), family history of diabetes, history of drug use (use of any illicit drugs, use of any injecting drugs, use of cocaine, and use of heroin in the past 6 months and past 5 years), and new-onset menopause in women. The final Cox proportional hazards model included the outcome variable, incident HTN, and the exposure variables of HIV status, traditional risk factors for HTN (as defined above), and other characteristics found significantly associated with incident HTN in multivariable analysis. We evaluated the final models for all biologically plausible pairwise interactions among significant variables. Pairwise interactions found significant were included in a revised final model.
Among persons with HIV infection, Cox proportional hazards models were used to assess associations between the outcome variable, incident HTN, and possible risk factors for HTN. Risk factors examined included ARV naïve/experienced, demographic characteristics, co-morbid medical conditions, family history of diabetes, history of drug use, new-onset menopause in women, and markers of HIV status (CD4+ T-cell count, viral load, and undetectable/detectable status). The final Cox proportional hazards model included the outcome variable of incident HTN and the exposure variables of ARV naïve/experienced, traditional risk factors for HTN, and other characteristics found significantly associated with incident HTN in multivariable analysis. We evaluated the final models for all biologically plausible pairwise interactions among significant variables. Pairwise interactions found significant were included in a final revised model.
A P-value ≤ .05 was considered significant. The scale of continuous variables in the multivariable models was determined through martingale residual-based plots. All analyses were done use SAS Versions 9.1 and 9.2 (SAS Institute Inc. Cary, North Carolina, USA). This study was approved by Institutional Review Boards of Mount Sinai School of Medicine and the Albert Einstein College of Medicine.
Results
Of 619 women in the MS cohort, 242 (39%) had HTN and/or were postmenopausal at baseline. Of the 377 remaining women, 20 (5%) were missing critical data, 27 (7%) attended only one visit, and 330 (88%) were eligible for the study. Of the 643 men in the CHAMPS cohort, 253 (39%) men had HTN at baseline. Of the 390 remaining men, 11 (3%) were missing critical data, 50 (13%) attended only 1 visit, and 329 (84%) were eligible for the study. The median follow-up period of the eligible women was 1080 days (interquartile range (IQR) 882-1228). The median follow-up period of the eligible men was 1071 days (IQR 891-1092).
Baseline characteristics of men and women are shown in Table 1 . The men were significantly older than the women by a mean of 11 years. Approximately one-half of the participants were black, and there were more women of Latino ethnicity compared to men. Approximately 80% of both groups received Medicaid and a minority had private insurance. Women had significantly higher BMIs, fewer pack-years of smoking, more hyperthyroidism history, and less prior injection of illicit drugs and recent cocaine use at baseline. Approximately two-thirds of men and one-half of women were HIV infected (P <.001).
There were more men with ARV-experience. Among persons with HIV infection, men were significantly more likely to have previously used or currently be taking ARVs and to have lower CD4 counts. Results of multivariable analysis are shown in Table 2 for women and 
Discussion
In this prospective cohort study of incident HTN in perimenopausal women and older men with or at-risk for HIV infection, HIV infection was not associated with incident HTN in either women or men. Higher CD4+ T-cell count was associated with incident HTN in HIVinfected, perimenopausal women. ARV use was associated with a decreased risk of incident HTN in men who were physically active at baseline. Characteristics traditionally associated 
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Author Manuscript with incident HTN in the general public (race, BMI, smoking, family history of HTN, alcohol dependence, physical activity, and high cholesterol) and characteristics associated with incident HTN in subsets of the population (cocaine use and new-onset menopause) were associated with incident HTN in this study as well.
The present prospective study found a significant association between higher CD4+ T-cell count and incident HTN in perimenopausal women. A report from the Women's Interagency Health Study (WIHS) cohort is the only published article in which we found prior evidence of such an association. Though data supporting this relationship is presented in a table in that study, the text does not comment on the association. (20) The study compared the prevalence of HTN and longitudinally collected exposure variables in 2059 HIV-positive women and 569 HIV-negative women. The multivariable analysis results showed that the risk of prevalent HTN was associated with higher CD4+ T-cell count after adjustment for age, race, education, BMI, pregnancy, smoking, injecting drug use, HIV status, and use of ARV.
Studies on renal function and HTN have found associations between T-cell lymphocytes and HTN, and thus lend support to the findings of the current study. One clinical study (21) suggested that proliferation of lymphocytes was required to maintain HTN. In that study, patients with HTN and normal renal function who received mycophenolate mofetil, an inhibitor of B-and T-cell lymphocyte proliferation for the treatment of psoriasis or rheumatoid arthritis, had a significant reduction in blood pressure.
Additional support suggesting an effect on HTN of T-lymphocytes comes from a sequential series of animal studies which demonstrated associations between HTN and the gland responsible for T-cell maturation (thymus), HTN and mature T-cells themselves, and HTN and IL-17, a T-cell produced cytokine. The first study found that in contrast to normal mice, nude mice with genetic aplasia of the thymus did not develop HTN when given desoxycorticosterone acetate (DOCA) and 1 per cent saline as drinking water for 21 days. (22) After receiving transplanted thymus tissue, the nude mice developed chronic HTN when given DOCA and 1 per cent saline. A later study found that RAG-1 -/-mice, which lack both T and B cells, have blunted hypertensive responses to prolonged infusion of DOCA and saline. (23) Adoptive transfer of T cells, but not B cells, led to complete restoration of the hypertensive response to these stimuli. In studying HTN caused by angiotensin II, researchers found that the initial response to angiotension II was similar in IL-17-deficient and wild-type mice, but a sustained hypertensive response did not occur in IL-17-deficient mice. (24) This study did not demonstrate a significant association between CD4+ T-cell count and incident HTN in men. There are several possible explanations. The directions and magnitudes of the HR's for CD4+ T-cell count in women and men are similar. It is possible that our sample size was too small to detect a significant association among men. Alternatively, pre-menopausal women may be immunologically different from men in ways that impacts HTN. It is possible that the well-known difference in risk for AS between premenopausal women and similarly-aged men is due at least in part to differences in immunologic function. In the present study, in physically-active, HIV-infected men, traditional HTN risk factors were not associated with an increased risk of incident HTN. This finding concurs with current research on the pro-inflammatory effect of traditional risk factors for HTN and the anti-inflammatory effect of physical exercise. Such research suggests that traditional HTN risk factors release cytokines into the circulation which stimulate an inflammatory response leading to vascular damage and HTN. (25) In contrast, the prophylactic effect of being physically active on cardiac, metabolic, and oncologic disease is due to the creation of an anti-inflammatory milieu. Specifically, physical activity causes the release of "myokines" from the muscle fibers. The myokines lead to a cascade of anti-inflammatory cytokines. (26) In physically-active, HIV-infected men, ARV experience was associated with a decreased risk of incident HTN. This finding may also be due to the anti-inflammatory effect of physical activity. Similar to traditional risk factors for HTN, current research suggests that HIV infection causes immune activation and inflammation through direct stimulation of the immune response and indirectly through reactivation of other viruses (e.g. cytomegalovirus), increased bacterial translocation, and altered gut permeability. (27) These inflammatory changes occur despite good HIV control (28-31) and lead to an increased risk of morbidity and mortality due to chronic diseases compared to the general population. (28, 32, 33) The anti-inflammatory effect of physical activity may decrease the inflammation due to HIV infection. ARVs in the absence of inflammation, may decrease the risk of incident HTN by decreasing viral load or by another yet-to-be identified mechanism.
The study results suggest that in the presence of physical activity, other traditional risk factors for incident HTN do not play a significant role in HIV-infected men. In contrast, in the absence of physical activity, black race, smoking, and high cholesterol increase the risk of incident HTN. Alcohol dependence and family history of diabetes were associated with a reduced risk of incident HTN. Physical activity is therefore an effect modifier for multiple variables. Although all pairs of statistically significant variables were checked for interaction, only the physical activity and alcohol dependence interaction term was statistically significant. Failure to find the other interaction terms significant may have been due to a lack of statistical power.
This study has several limitations. Kidney function has been associated with HIV status in some populations and is also associated with incident HTN. Unfortunately, data on kidney function was not collected in this study. However, impaired kidney function due to HIV infection would be expected to bias the results towards finding an association of HTN and HIV infection, which was not found. This study included persons within a narrow age range, and risk of incident HTN may vary by age. Finally, the maximum duration of follow-up in this study was 4.5 years. A longer period of study would likely include more cases of incident HTN and improve the precision of our findings.
The data in this study suggest that HIV infection is not associated with incident HTN in perimenopausal women and older men. Women and men with or at risk of HIV appear to have the same risk factors for HTN as the general population, and should be monitored similarly. This study provides additional evidence for a possible causal relationship between immune function and incident HTN, which warrants further study with the aim of improving treatment and prevention efforts. Time to incident hypertension among men. ARV, antiretroviral; HTN, hypertension. .001
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